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I. A Letter to the Right honourable George 
Earl of Macclesfield concerning an appa- 
rent Motion obferved in fome of the fixed 
Stars ; by James Bradley D, D. AJlronomer 
Royal) and F. i?. S, 



My Lord, 
Read at a Meeting y m '*HE great Exadtnefs, with 

of the Royal Society, ■ whkh In ft mmcn ts are now 

ebn H ' IH7 ' 1 confirmed, hath enabled 

-*" the Aftronomers of the 
prefent Age to difcover feveral Changes in the Po- 
rtions of the heavenly Bodies ; which, by reafon of 
their Smallnefs, had efcaped the Notice of their Pre- 
deceffors. And altho' the Caufes of fuch Motions have 
always fubfitted, yet Philofophers had not fo fully 
confidcr'd, what the Effects of thofe known Caufes 
would be, as to demonftrate a priori the Thano* 
mena they might produce; fo that Theory itfelf is 
here, as well as in many other Cafes, indebted to 
Practice, for the Difcovery of fome of its mod ele- 
gant Deduftions. This points out to us the great 
Advantage of cultivating this* as well as every other 
Branch of Natural Knowledge, by a regular Series 
of Obfervations and Experiments. 

The Progrefs of Aftronomy indeed has always 
been found, to have fo great a Dependence upon 
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accurate Obfcrvations, that, till fuch were made, it 
advanced but flowly : For the firft confidcrablc Im- 
provements that it received, in point of Theory, were 
owing to the renowned Tycho Brake, who far ex- 
ceeding thofc that had gone before him, in the 
Exaclncfs of his Obfcrvations, enabled the fagacious 
Kepler to find out fomc of the principal Laws, re- 
lating to the Motion of the heavenly Bodies. The 
Invention of Tclefcopes and Pendulum-Clocks af- 
fording proper xMcans of ftill farther improving the 
Praxis of Aftronomy ; and thefe being alfo foonfuc- 
cccded by the wonderful Difcoverics made by our 
Great Newton, as to its Theory > the Science, in 
both refpects, had acquired fuch extraordinary Ad- 
vancement, that future Ages fcemed to have little 
room left, for making any great Improvements. But,, 
in fact, we find the Cafe to be very different 5 for, 
as we advance in the means of making more nice 
Inquiries, new Points generally offer themfelves,. 
that demand our Attention. The Subject of my 
prefent Letter to your Lordfhip, is a Proof of the 
Truth of this Remark : for, as foon as I had difco« 
vercd the Caufc, and fettled the Laws of the Aber- 
rations of the fixed Stars, arifing from the Motion 
of Light, &c. whereof I gave an Account in N°. 
406. of the Philofophical TranfaSlions ; my Atten- 
tion was again excited by another new 'Phenomenon, 
viz- an annual Change of Declination in fome of 
the fixed Stars; which appeared to be fcnfibly greater 
about that time, than a Preceflion of the Equinoctial 
Points of 50" in a Year would have occafioncd. 
The Quantity of the Difference, tho' fmall in itfclf, 
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was rendered perceptible, thro' the Exaclnefs of my 
Inftrumenr, even in the firft Year of my Obferva- 
tions i but being then at a Lofs to guefs, from what 
Caufe that greater Change of Declination proceeded, 
I endeavoured to allow for it in my Computations, 
by making ufe of the obferved annual Difference, 
as mentioned in p. 652. of the fame TranfaEfion. 

From that time to the prefent, I have continued 
to make Obfervations at ffanfted, as Opportunity 
offered, with a View of difcovering the Laws and 
Caufe of this 'Phenomenon : For, by the Favour of 
my very kind and worthy Friend Matthew Wy- 
mondefold Efq, my Instrument has remained, where 
it was firft erected ; fo that I have been able, with- 
out any Interruption, which the Removal of it to 
another Place would have occafioned, to proceed 
on with my intended Series of Obfervations, for the 
Space of twenty Years : a Term fomewhat exceeding 
the whole Period of the Changes, that happen in this 
'Phenomenon. 

When 1 fhall mention the fmall Quantity of the 
Deviation, which the Stars are fubjed to, from the 
Caufe that I have been fo long fearching after 5 1 am 
apprehenfive, that I may incur the Cenfure of fome 
Perfons, for having fpent fo much Time in the Pur- 
fuit of fuch a feeming Trifle : But the candid Lovers 
of Science will, I hope, make due Allowance for 
that natural Ardour, with which the Mind is urged 
on towards the Difcovery of Truths, in themfelves 
perhaps of fmall Moment, were it not that they tend 
to illuftrate others of greater Ufe. 

The apparent Motions of the heavenly Bodies are 
£0 complicated, and affected by fuch a Variety of 
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Caufcsj that in many Cafes it is extremely difficult to 
ailign to each its due Share of Influence? or distinctly 
to point out, what Part of the Motion is the Effect of 
one Caufe, and what of another: And whilft the 
joint Effects of All are only attended to, great Irre- 
gularities and fceming Inconfiftcncies frequently oc- 
cur 5 whereas, when \vc are able to allot to each 
particular Caufe its proper Effect, Harmony and Uni- 
formity ufually enfue. 

Such feeming Irregularities being alfo blended 
with the unavoidable Errors, which Aftronomical 
Obfervations muft be always liable to, as well from 
the Imperfection of our Scnfes, as of the Instruments 
that we make ufe of, have often very much pcr- 
plex'd thofe, who have attempted to folve the Tha- 
nomena : and till Means are difcovercd, whereby we 
can feparate and diftinguifh the particular Part of 
the whole Motion, that is owing to each refpective 
Caufe, it will be impoffiblc, to be well affured of 
the Truth of any Solution. For thefc Reafons, we 
generally find, that the more exact the Instruments 
are, that we make ufe of, and the more regular the 
Series of Obfervations is, that we take; the fooner 
we are enabled to difcovcr the Caufe of any new 
'Pkanomenon. For when we can be well affured 
of the Limits, wherein the Errors of the Obferva- 
tions are contain'd j and have reduced them within 
as narrow Bounds as pofliblc, by the Perfection of 
the Inftruments which we employ j we need not he- 
ctare to afcribe fuch apparent Changes, as manifeftly 
exceed thofe Limits, to fome other Caufcs. Upon, 
thefe Accounts it is incumbent upon the practical 
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Aftronomer, to fet out at firft with the Examination 
of the Correctnefs of his Instruments; and to be af- 
fured that they are fufficiently exact for the Ufe he 
intends to make of them : or at lead he fhould know, 
within what Limits their Errors are confined. 

This Practice has, in an eminent manner, been 
lately recommended by your Lordfhip's noble Exam- 
ple; who having, out of a Angular Regard for the 
Science of Aftronomy, erected an Obfervatory, and 
furnifhed it with as complete an Apparatus of Intern- 
ments, as our beft Artifts could contrive ; would not 
fully rely on their Exactnefs, till their Divifions had un- 
dergone the ftricteft Re- examination: whereby they 
are probably now render'd as perfect in their kind, as 
any extant, or as human Skill can at prefent produce. 

The Lovers of this Science in general, cannot but 
acknowledge their Obligations to your Lordfhip on 
this Account j but I find myfelf more particularly 
bound to do it ; fince, by means of your Lordfhip's 
mod accurate Obfervations, I have been enabled to 
fettle fome principal Elements ; which I could not 
at prefent otherwife have done, for want of an In- 
ftrument at the Royal Obfervatory, proper for that 
Purpofc: For the large mural Quadrant* which is 
there fixed to obferve Obje&s lying Southward of 
the Zenith, however perfect an Inftrument it may 
be in it felf, is not alone fufficient to determine, 
with proper Exactnefs,. cither the Latitude of the 
Obfervatory, or the Quantity of Refraction corre- 
fponding to different Altitudes : For it being too 
heavy to be conveniently removed > and the Room 
wherein it is placed, being too fmall to admic of its 
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being turned to the oppoiitc Side of the Wall, 
whereon it now hangs; 1 cannot, by aBual Obferva- 
tions of the circumpolar Stars, fettle thofe neceflary 
Points ; and therefore have endeavoured to do it, by 
comparing my own with your Lordfhip's Obferva- 
tions: and until this Defect in the Apparatus belong- 
ing to the Royal Obfervatory be removed, we muft 
be indebted to your Lordfhip, for the Knowledge of 
its true Situation. 

A Mind intent upon the Purfuit of any kind of 
Knowledge, will always be agreeably entertained, with 
wnat can fupply the moft proper means of attaining 
it: Such, to the practical Aftronomer, are exact and 
well-contriv'd Inftruments ; And I reflect with Plea- 
furc on the Opportunities I have enjoyed, of cultiva- 
ting an Acquaintance and Friendfhip with the Per- 
son, that, of all others, has moft contributed to their 
Improvement. For 1 am fenfible, that if my own 
Endeavours have, in any refpect, been effectual to 
the Advancement of Aftronomy ; it has principally 
been owing to the Advice and Afllftance given me 
by our worthy Member Mi. George Graham ; whofe 
great Skill and Judgment in Mechanicks, join'd with 
a complete and practical Knowledge of the Ufcs of 
Aftronomical Inftruments, enable him to contrive 
and execute them in the moft perfect manner. 

The Gentlemen of the Royal Academy of Sciences, 
to whom we are fo highly obliged for their exact 
Admeasurement of the Quantity of a Degree under 
the Arctic Circle, have already given the World 
very convincing Proofs of his Care and Abilities in 
thofe Refpectsj and the particular Delineation, 
which they have lately publifhed, of the feveral Parts 
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of the SecJor, which he made for them, hath now ren- 
dered it needlefs, to enter upon any minute Defcription 
of mine at Wanfted--, both being conftru&ed upon the 
fame Principles, and differing in their component 
Parts, chiefly on account of the different Purpofes, 
for which they were intended. 

As mine was originally defigned to take only the 
'Differences of the Zenith Diftances of Stars, in the 
various Seafons of the Year, without any View of 
difcovering their true Places ; I had no Occafion to 
know exa&ly, what Point on the Limb correfponded 
to the true Zenith : and therefore no Provifton was 
made in my Settor, for the changing of its Situation for 
that Purpofe. Neither was it neceffary that the Di- 
visions or Points on the Arc ihould be fet off, with 
the utmoft Accuracy, Equidiftant from each other % 
becaufe, when I obferve any particular Star, the fame 
Spot or Point being firft bife&ed by the Plumb-line, 
and then the Screw of the Micrometer turn'd until 
the Star appears upon the middle of the Wire, that 
is fixed in the common Focus of the Glafles of the 
Telefcopej I can thereby colled, how far the Star is- 
from that given Point at the Time of Obfervation : 
and afterwards, by comparing together the fevcral 
Obfervations that are made of it, I am able to difco- 
ver what apparent Change has happen'd. The Quan- 
tity of the vifible Alteration, in the Pofition of the 
Stars, being cxpreffed by Revolutions and Parts of 
a Revolution, of the Screw of the Micrometer ; I 
endeavoured ro determine, with great Care, the true 
Angle anfwering thereto : and after various Trials, I 
thoroughly fatisfied myfelf, both of the Equality of 
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the Threads of the Screw, and of the prccife Num- 
ber of Seconds correfponding to them. 

Bur altho' thefe Points could be fettled with great 
Certainty, I was neverthelefs obliged to make one 
Suppofuion ; which perhaps to fome Perfons may 
feem of too great Moment in the prefent Inquiry, 
to be admitted without an evident Proof from Fa&s 
and Experiments. For I fuppofe, that the Line of 
Coilimation of my Telefcope has invariably preferved 
the fame Direction, with refpect to the Divifions up- 
on the Arc, during the whole Courfe of my Ob- 
fervations. And indeed it was on account of the 
Objections, which might have been raifed againft 
fuch a Tojlulate, that I thought it neceffary, to con- 
tinue my Series of Obfervations for fo many Years, 
before I publHhed the Concluftons, which I fhall at 
prefent endeavour to draw from them. 

Whoever compares the Refult of the feveral 
Trials, that have been made by the Gentlemen of 
the Academy of Sciences, for determining the Ze- 
nith Point of their Sector, ftnee their Return from 
the North ; will, I prefume, allow that mine is not 
an unreaibnable or precarious Suppqfition: fince it 
is evident, from their Obfervations, that the Line of 
Coilimation of that Inftrument underwent no fenfi- 
ble Change in its Direction, during the Space of 
more than a whole Year, altho' it was feveral times 
taken down, and fet up again in different and re- 
mote Places j whereas mine hath always remained 
fufpended in the fame Place. 

But befides fuch a ftrong Argument for the Pro- 
bability of the Truth of my Suppqfition, I have the 
Satisfaction of finding it actually verified by the 
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Obfcrvations themfelves j which plainly prove, that 
at the End of the full Period of the Deviations which 
I am going to mention, the Stars are found to have 
the fame Pofttions by the Inftrumcnt, as they ought 
to have, fuppofing the Line of Collimation to have 
continued unaltered from the Time when I firft began 
to obferve. 

I have already taken notice, in what manner this 
Phanomenon difcover'd itfelf to me at the End of 
my firft Year's Obfervations, viz. by a greater ap* 
parent Change of Declination in the Stars near the 
Equinoctial Colure, than could arife from a Pre- 
ceffion of 50" in a Year; the mean Quantity now 
ufually allowed by Aftronomers. But there appear- 
ing at the fame time, an EffetT: of a quite contrary 
Nature, in fome Stars near the Solftitial Colure, 
which feem'd to alter their Declination tefs than a 
Preceffion of 50" required; I was thereby con- 
vinced, that all the e Ph£nomena y in the different 
Stars, could not be accounted for, merely by fup- 
pofing, that I had aflumed a wrong Quantity for the 
Preceffion of the Equinoctial Points. 

At firft, I had a Sufpicion, that fome of thefe fmall 
apparent Alterations in the Places of the Stars, might 
poifibly be occafioned by a Change, in the Materials, 
or in the Pofition of the Parts of my Seclor : But, 
upon confidering how firmly the Arc, on which 
the Divifions or Points are made, is fattened to the 
Plate, wherein the Wire is fixed that lies in the 
Focus of the Object-Glafsj I faw no Reafon to ap- 
prehend, that any Change could have happened in 
the Pofitidn of that Wire and thofe Points. The 
Sufpenfion therefore of the Plummet being the moft 
likely Caufe, from whence I conceived any Uncer- 
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tainty could arife ; and the Wire of which had been 
broken three or four times in the fkft Year of my 
Obfervations : I attempted to examine, whether Part 
of the 'foremention'd apparent Motions might not 
have been owing, to the different Plumb4ines that 
had been made ufe of. In order to determine this, 
I adjufted a particular Point of the Arc to the Plumb- 
line, with all the Exactnefs I could j and then taking 
off the old Wire, I immediately hung on another, 
with which the fame Spot was again compared. I 
repeated the Experiment three or four times, and 
thereby fully fatisfled myfelf, that no fenfible Error 
could arife from the Ufe of different Plumb-lines $ 
fince the various Adjuftments of the fame Point 
agreed with each other, within lefs than half a 
Second. 

Having then, from fuch Trials, fufficient Reafon 
to conclude, that thefe fecond unexpected Devia- 
tions of the Stars, were not owing to any Imperfection 
of my Inftrumentj after I had fettled the Laws of the 
Aberrations arifing from the Motion of Light, &c. 
I judged it proper to continue my Obfervations of 
the fame Stars 5 hoping that, by a regular and longer 
Series of them, carried on thro' feveral fucceeding 
Years, I might, at length, be enabled to difcover 
the real Caufe of fuch apparent Inconfiftencies. 

As I reftded chiefly at Wanfied, after my Sector 
was erctted there in the Year 1727. till the Begin- 
ning of May 1732. when I removed from thence to 
Oxford : 1 had, during my Abode at Wanfted, fre- 
quent Opportunities of repeating my Obfervations ; 
and thereby difcovered fo many Particulars relating 
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to thefe Thanotnena, that I began to gucfs what was 
the real Caufe of them. 

It appeared from my Obfervations, that, during 
this Interval of Time, fome of the Stars near the 
Solftitial Colure, had changed their Declinations 9" 
or 10" lefs, than a Preceffion of 50" would have pro- 
duced $ and, at the fame time, that, others near the 
Equinoctial Colure, had altered theirs about the fame 
Quantity more, than a like Preceffion would have 
occafioned : the North Pole of the Equator feeming 
to have approached the Stars, which come to the 
Meridian with the Sun, about the Vernal Equinox 
and the Winter Solftice 5 and to have receded from 
thofe, which come to the Meridian with the Sun,about 
the Autumnal Equinox and the Summer Solftice. 

When I confider'd thefe Circumftances, and the 
Situation of the Afcending Node of the Moon's 
Orbit, at the time when I firft began my Obferva- 
tions $ I fufpetted, that the Moon's Action upon the 
Equatorial Parts of the Earth might produce thefe 
Effects : For, if the Preceffion of the Equinox be, 
according to Sir Ifaac Newton's Principles, caufed 
by the Actions of the Sun and Moon upon thofe 
Parts 5 the Plane of the Moon's Orbit being at one 
time, above ten Degrees more inclined to the Plane 
of the Equator, than at another ; it was reafonable 
to conclude, that the Part of the whole annual Pre- 
ceffion, which arifes from her Action, would in dif- 
ferent Years be varied in its Quantity s whereas the 
Plane of the Ecliptic, wherein the Sun appears, 
keeping always nearly the fame Inclination to the 
Equator * that Part of the Preceffion, which is ow- 
ing to the Sun's Action, may be the fame every 
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Year : And from hence it would follow, that, altho 
the mean annual Prcceffion, proceeding from the 
joint Actions of the Sun and Moon, were 50" j yet 
the apparent annual Prcceffion might fometimes ex- 
ceed, and fometimes fall fhorr, of that mean Quan- 
tity, according to the various Situations of the Nodes 
of the Moon's Orbit. 

In the Year 1727. when my Inftrument was firft: 
fet up, the Moon's Afcending Node was near the 
Beginning of Aries ; and confequently, her Orbit 
was as much inclined to the Equator, as it can at 
any time be ; and then the apparent annual Preceffion 
was found, by my firft Year's Obfervations, to be 
greater than the mean: which proved, that the 
Stars near the Equinoctial Colure, whofe Declina- 
tions are moft of all affected by the Preceffion, had 
changed theirs, above a tenth Part more than a Pre- 
ceffion of 50" would have caufed. The fuccceding 
Years Obfervations proved the fame Thing * and 
in three or four Years time the Difference be- 
came fo confiderabfe, as to leave no Room to fuf- 
pett, that it was owing to any Imperfection, either 
of the Inftrument or Obfervations. 

But fome of the Stars, which I had obferved, that 
were near the Solftitial Colure, having appeared to 
move, during the fame time, in a manner contrary 
to what they ought to have done, by an Increafe in 
rhe Preceffion j and the Deviations in them being 
as remarkable as in the others, I perceived that fome- 
thing more, than a mere Change in the Quantity of 
the Preceffion, would be requifite to folve this Part 
of the Thanomenon. Upon comparing my Obfer- 
vations of Stars near the Solftitial Colure, that were 
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almofl: oppofitc to each other in Right Afccnfion,' 
I found, that they were equally affected by this 
Caufe; for whilft y Draconis appeared to have 
moved Northward, the fmall Star, which is the 
3 j th Camelopardali Hcvel. in the Britifh Catalogue, 
feem'd to have gone as much towards the South : 
which fhew'd, that this apparent Motion, in both 
thofc Stars, might proceed from a Nutation in the 
Earth's Axis; whereas the Companion of my Obfer- 
vations of the fame Stars, formerly enabled me to 
draw a different Conclufion, with refpect to the 
Caufe of the annual Aberrations arifing from the 
Motion of Light. For the apparent Alteration in 
y T>raconis, from that Caufe, being as great again 
as in the other fmall Star, proved, that that Tha- 
nomenon did not proceed from a Nutation of the 
Earth's Axis; as, on the contrary, this may. Upon 
making the like Comparifon between the Obferva- 
tions of other Stars, that lie nearly oppofite in Right 
Afcenfion, whatever their Situations were with re- 
fpect to the Cardinal Points of the Equator, it ap- 
peared, that their Change of Declination was nearly 
equal, but contrary ; and fuch as a Nutatioffor Mo- 
tion of the Earth's Axis would cffe£t. 

The Moon's Afcending Node being got back to- 
wards the Beginning of Capricorn in the Year 1732. 
the Stars near the Equinoctial Colure appeared, about 
that time, to change their Declinations no more, 
than a Prcceflion of 50" required; whilft fome of 
thofe near the Solftitial Colure altered theirs above 
2" in a Year lefs, than they ought. Soon after, I 
perceived the annual Change of Declination of the 
former to be diminifhed, fo as to become lefs than 
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$o" of Preccflion would caufe j and it continued to 
diminifh till the Year 1736. when the Moon's 
Attending Node was about the Beginning oiLibra* 
and her Otbit had the lea/} Inclination to the Equa- 
tor. But by this time, iome of the Stars near the 
Soiftitial Colure had altered their Declinations 18" 
lefs, fincc the Year 1727. than they ought to have 
done from a Prcceflion of 50". For y c Draconis t 
which in thofc nine Years fhould have gone about 
8" more Southerly, was obferved in 1736. to appear 
10" more Northerly, than it did in the Year 1727. 

As this Appearance iny IDracoms, indicated a Di- 
minution of the Inclination of the Earth's Axis to 
the Plane of the Ecliptic ; and as feveral Aftrono* 
mcrs have fuppofed that Inclination to diminifh re- 
gularly i if this Phanomenon depended upon fuch a 
Caufe, and amounted to 18" in nine Years, the Obli- 
quity of the Ecliptic would, at that rate, alter a whole 
Minute in thirty Years j which is much fader than any 
Obfervations, before made, would allow. I had Reafon 
therefore to think, that fome Tart of this Motion 
at the leaft, if not the Whole, was owing to the 
Moon's Action upon the Equatorial Parts of the 
Earth 5 which I conceived, might caufe a libratory 
Motion of the Earth's Axis. But as I was unable to 
judge, from only nine Years Obfervations, whether 
the Axis would entirely recover the fame Pofition, 
that it had in the Year 1727. I found it neceflary to 
continue my Obfervations thro' a whole Period of 
the Moon's Nodes 5 .at the End of which I had the 
Satisfaction to fee, that the Stars returned into the 
fame Pofitions again; as if there had been no Al- 
teration at all in the Inclination of the Earth's Axis : 
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which fully convinced me, that I had guefifed rightly 
as to the Caufc of the Thanomena. This Circum- 
stance proves likewife, that if there be a gradual 
Diminution of the Obliquity of the Ecliptic j it 
does not arife only from an Alteration in the Po- 
fttion of the Earth's Axis, but rather from fome 
Change in the Plane of the Ecliptic itfclf : becaufc 
the Stars, at the End of the Period of the Moon's 
Nodes, appeared in the fame Places, with refpcft 
to the Equator, as they ought to have done, if the 
Earth's Axis had retained the fame Inclination to an 
invariable Plane. 

During the Courfc of my Obfervations, our in- 
genious Secretary of the Royal Society, Mr. John 
Machin, being employed in confidering the Theory 
of Gravity; and its Confequences, with regard to 
the Celeftial Motions; I acquainted him with the 
Thanomena that I had obferved : and at the fame 
time mentioned, what I fufpected to be the Caufe 
of them. He foon after fent me a Table, contain- 
ing the Quantity of the annual Preceffion in the 
various Pofitions of the Moon's Nodes, as alfo the 
correfponding Nutations of the Earth's Axis; which 
was computed upon the Suppofition, that the mean 
annual Preceffion is jro", and that the Whole is 
governed by the Pole of the Moon's Orbit only : 
and therefore he imagined, that the Numbers in the 
Table would be too large \ as in Fad they were 
found to be. But it appeared, that the Changes 
which I had obferved, both in the annual Precef- 
fion and Nutation, kept the fame Law, as to in- 
creasing and decreasing, with the Numbers of his 
Table. Thofe were calculated upon the Suppofition, 
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that the Pole of the Equator, during a Period of the 
Moon's. Nodes, moved round in the Periphery of a 
little Circle, whofe Center was 23 25/ diftantfrom 
the Pole of the Ecliptic i having itfelfalfoan angular 
Motion of 50" in a Year, about the fame Pole : 
The North Pole of the Equator was conceived 
to be in that Part of the fmall Circle, which is 
fartheft from the North Pole of the Ecliptic, at the 
Time when the Moon's Afcending Node is in the 
Beginning of Aries: and in the oppofite Point of it, 
when the fame Node is in Libra. 

Such a Hypothefis will account for an Accele- 
ration and Retardation of the annual Preceffion ; as 
alfo for a Nutation of the Earth's Axis : And if the 
Diameter of the little Circle be fuppofed equal to 
1 8 "5 which is the whole Quantity of the Nuta- 
tion, as colle&ed from my Obfervations of y Dra- 
conis: then all the 'Phanomena in the feveral Stars 
which I obferved, will be very nearly folved by it. 
Let ^Preprefent the 
m&n Place of the 
Pole of the Equator, 
about which Point, 
as a Center, fuppofe 
the true Pole to 
move in the Circle 
ABCD,w\\ok Dia- 
meter is 18". LetZs 
be the Pole of the 
Ecliptic, and ET 
be equal to the mean 
Diftance between 
the Poles of the 

the Equator and Ecliptic j and fuppofe the true 

Pole 
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Pole of the Equator to be at A, when the Moon's 
Afcending Node is in the Beginning of Aries ; and 
at B, when the Node gets back to Capricorn ; and 
at C, when the fame Node is in Libra: at which 
time the North Pole of the Equator being nearer 
the North Pole of the Ecliptic, by the whole Di- 
ameter of the little Circle AC equal to 1 8'' ; the Obli- 
quity of the Ecliptic will then be fo much lefs than 
it was, when the Moon's Afcending Node was iu 
Aries. The Point jP is fuppofed to move round 
E, with an equal retrograde Motion, anfwerablc 
to the mean Preceflion arifing from the joint 
Actions of the Sun and Moon : while the true Pole 
of the Equator moves round ¥, in the Circumfe- 
rence ABCD, with a retrograde Motion likewife, 
in a Period of the Moon's Nodes, or of eighteen Years, 
and feven Months. By this means, when the Moon's 
Afcending Node is in Aries, and the true Pole of 
the Equator at A, is moving from A towards B : it 
will approach the Stars, that come to the Meridian 
with the Sun about the Vernal Equinox ; and recede 
from thole that come with the Sun near the Autumnal 
Equinox, fajter than the mean Pole 3° does. So 
rhar, while the Moon's Node goes back from Aries 
to Capricorn, the apparent Preceflion will fecm fo 
much greater than the mean-, as to caufc the Stars, 
that lie in the Equinoctial Colurc, to have altered 
their Declination 9 M , in about four Years and eight 
Months, more than the mean Preceflion would do: 
and in the fame time, the North Pole of the Equa- 
tor will feem to have approached the Stars, that come 
to the Meridian with the Sun at our Winter Sol- 
fticc, about t>' $ and to have receded as much from 
thofe, that come with the Sun at the Summcr-Solfticc, 

C Thus 
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Thus the "Thanomena before recited are in ge- 
neral conformable to this Hypothecs. But to be 
more particular; Jet 
S be the Place of a 
Star, <PS the Circle 
of Declination pall- 
ing thro' it, reprc- 
fentino; its Diftance 
from the mean Pole, 
and t c PS its mean 
Right Afcenfton. 
Then if O and R be 
the Points, where 
the Circle of De- 
clination cuts the 
little Circle ABCD ; the true Pole will be neareft that 
Star at O, and fartheft from it at R ; the whole Dif- 
ference amounting to 18", or to the Diameter of the 
little Circle. As the true Pole of the Equator is 
(iippofcd to be at A, when the Moon's Attending 
Node is in Aries ; and at B y when that Node gets 
back to Capricorn ; and the angular Motion of the 
true Pole about *P,is likewife fuppofed equal to that of 
the Moon's Node about E, or the Pole of the Eclip- 
tic: fince, in thefe Cafes, the true Pole of the Equa- 
tor is 90 Decrees before the Moon's Afcending Node, 
it mnft be fo in all others. 

When the true Pole is at A, it will be at the 
fame Diftance from the Stars that lie in the Equinoctial 
Colure, as the mean Pole ¥ isi for I negle£t at 
prefent the Cafe of fucli Stars as are very near the 
Pole of the Equator; and as the true Pole recedes 
back from A towards B, it will approach the Stars, 
that lie in that Part of the Colure reprefentcd by 
?*r ; and recede from thofe, that lie in <P - > not 

indeed 
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indeed with an equable Motion ; but in the Ratio 

of the Sine of the Diftance of the Moon's Node 
from the Beginning of Aries. For if the Node be 
fuppofed to have gone backwards from Aries 30 , 
or to the Beginning of 'Pifces; the Point, which 
rcprcfents the Place of the true Pole, will in the 
.mean time, have moved in the little Circle, thro' 
an Arc, as AO, of 30° likewife : and would there- 
fore in Effect have approached the Stars that lie 111 
the Equinoctial Colure jPy, and have receded from 
thofc that lie in T^, Vj ; which is the Sine ot 
30 to the Radius AT. for if a Perpendicular 
fall from- upon *P A, it may be conceived as 
Part of a great Circle, palling thro' the true Pole 
and any Star lying in the Equinoctial Colure. 
Now the fame Proportion, that holds in thefe Stars, 
will obtain likewife in all others; and from hence 
we may collect a general Rule, for finding how 
much nearer or farther, any particular Star is, to or 
from, the mean Pole, in any given Pofition of the 
Moon's Node. 

For, if from the Right -Afcenfion of the Star, ixe 
fubjhacf the T>ifance of the Moon's Afcending Node 
from Aries; then the Radius will be to the Sine of the 
Remainder, as 9 , is to the Number of Seconds, that 
the Star is nearer to, or farther from the True, 
than the Mean Tole. When that Remainder is lefs 
than 1 8o°, the Star is nearer to the True, than to 
the Mean Pole j and the contrary, when it is greater 
than 180 . 

This Motion of the true Pole, about the mean at 
5P, will alfo produce a Change in the Right Afcen- 
fions ofthe Stars, and in the Places of the Equinoc- 
tial Points i as well as in the Obliquity of the Eclip- 

C z tic : 



ti c : and the Quantity of the Equations, in cither 
of rhcfe Cafes, may be eafily computed for any given 
Pofition of the Moon's Nodes. But as it may be 
needlefs, to dwell longer on the Explication of the 
Hypothefisj I fhall now proceed to mew its Corre- 
fpondency with the c Ph<enomena^ relating to the Al- 
terations of the Polar Diftances of fome of the Stars 
which I have obferved : by laying before your Lord- 
fhip the Obfervations themfclves, together with the 
Computations that are neceflary ; in order to form a 
right Judgment about the Caufe of thefe Appearances. 

I have endeavoured to find the exatt Quantity of 
the mean Preceffion of the Equinoctial Points, by 
comparing my own Obfervations made at Green- 
wich, with thofe of Tycho Brake and others, which 
I judged to be moft proper for that Purpofe. But as 
many of the Stars, which I compared, gave a dif- 
ferent Quantity; I fhall aflume the mean Refult ; 
which gives a Preceffion of one Degree in feventy- 
onc Years and an half: this agreeing very well like- 
wife with my Obfervations that were taken at Wan- 
fted. The Numbers in the following Tables, which 
exprefs the Change of Declination in each Star, are 
computed upon the Suppofition, that the mean Ob- 
jiquity of the Ecliptic was 23". 2 8'. 30", and that 
it continued the fame, during the whole Courfe of 
my Obftrvations. And as the Moon's Afcending 
Node was in the Beginning of dries about the 27th 
Dsy of March 1727, I have reduced the Place of 
each Star to that Time; by. allowing the proper 
Change of Declination from that Day, to the Day 
of each refpective Obfervation. 

It being alfo neceffary to make an Allowance for 
the Aberrations of Light; I have again examined 

my 
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my Obfervatvons, that were moft proper to deter- 
mine the Tranfverfe Axis of the Ellipfis, which each 
Star Teems to defcribej and have found it to be 
neareft to 40"; which Number I therefore make 
ufe of in the following Computations. 

The Divifions or Points upon the Limb of my 
Seftor are placed five Minutes of a Degree from each 
other j and are numbered fo, as to (hew the Polar 
Diftances nearly ; the true Polar Diftance exceeding 
that, which is fhewn by the Instrument, about 1'. 3 5". 
When I firft began to obferve, I generally made ufe 
of that Point on the Limb, which was neareft to 
the Star's Polar Diftance, without regarding whether 
it was more Northerly, or more Southerly than the 
Srar: but as it fometimes happened, that the Ori- 
ginal Point, with which I at firft compared the Star, 
became, in Procefs of Time, pretty remote from it j 
1 afterwards brought the Plummet to another Point, 
that was nearer to it; and carefully examined, what 
Number of Revolutions of the Screw of the Micro- 
meter &c. correfponded to the Diftance between 
the different Points, that I had made ufe of: by 
which means I was able to reduce all the Obfcrvations 
of the fame Star to the fame Point, without fuppofing 
the feveral Divifions to be accurately 5' afunder. 

I have expreffed the Diftance of each Star from 
the Point of the Arc, with which it was compared, 
in Seconds of a Degree and tenth 7 arts of a Second, 
exactly as it was collected from the Obfcrvations 5 
a!tho' I am fenfible, that the Obfervations them- 
felvcs are liable to an Error of more than a whole 
Second j becaufe 1 meet with fome, that have been 
made within two or three Days of each other, that 
differ 2", even when they are not marked as de- 
fective in any refpett. Jt 
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It would be too tedious, to fet down the whole 
Number of the Obfervations that 1 have made; and 
therefore I fhali give only enough of them, to (hew 
their Correfpondency with the 'fore mentioned Hy- 
pothec's in the fcvcral Years, wherein any were 
made of the Stars here recited. When feteral Ob- 
fervations have been taken of the fame Star, within 
a few Days of each other; I have either fet down 
the mean Rcfuit, or that Obfcrvation which heft 
?gretd with it. I have likewife commonly chofen 
t.hole, that were made near the fame Seafon of the 
Year, in fuch Stars as gave me the Opportunity of 
making that Choice ; particularly in y e Dracmis t 
which was generally obferved about the End of 
jiuguft or the Beginning of. Septembers That being 
the ufuai Time, when I went to fVan/ted on pur- 
pofc to obferve both that, and alio fomc of the 
Stars in the great Bear. But the Weather proving 
cloudy at that Seafon in the Year 1744, prevented 
my making a fingle Obfervation, either of y 1)ra- 
conis, or any other Star, while I was there; which 
is the Caufc of one Vacancy in a Series of 20 fuc- 
ceeding Years, wherein that particular Star had been 
obferved. Such Stars, as were either ruot vifible in 
the Day-time, towards the Beginning of September, 
or came at fuch Hours of the Night, as would have 
incommoded the Family of the Houfe wherein the 
Inflrumcnt is fixed, were but feldom obferved, after 
I went to rcfidc at Oxford: which is the Reafon, 
why the Series of Obfervations oftho/e is fo imperfect, 
asfomerimes to leave a Chafm for feveral Years toge- 
ther. But notwithstanding this, I doubt not, but 
upon the whole they will be found fufficient, to 

fatisfy 
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fatbfie your Lordfnip of the genera! Corrcfpondency 
between the Hypotkejis and the 'Phenomena, in the 
fevcral Stars j however different their Situations are, 
with refpect to the Cardinal Points of the Equator. 

As I mads more Observations of y "Draconis 
than of any other Star; and it being likewife very 
near the Zenith of Wan(ted\ I will begin with the 
Reci'al of fome of them. The Point upon the 
Limb, with which this Star was compared, was 
3 8°. 2j' from the North Pole of the Equator, ac- 
cording to the Numbers of the Arc of my Setter. 
The firft Column, in the following Table, ihews 
the Year and the Day of the Month, when the Obfer- 
vations were made; the next gives the Number of 
Seconds, that the Star was found to be South of 
38 . 25': the third contains the Alterations of the 
Polar Diftance, which the mean Preceflion, at the 
rate of one Degree in 71-5- Years, would caufe in 
this Star, from the 27th Day of March 1727, to 
the Day on which the Observation was taken : the 
fourth (hews the Aberrations of Light: the fifth, 
the Equations arifing from the 'forementioned Hy- 
pothefis: and the fixth gives the mean Diftance of 
the Star from the Point with which it was compared, 
found, by collecting the feveral Numbers, according 
to their Signs, in the 3d, 4th, and 5th Columns, 
and applying them to the Obferved c DiJlances con- 
tained in the Second. 

If the Obfervations had been perfectly cxad, and 
the fevcral Equations of their due Quantity ; then all 
the Numbers in the laft Column would have been 
equal ; but fince they differ a little from one another ; 
if the mean Of All be taken, and and the Extremes are 

D compared 
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pared with if, we (hall find no greater Difference, 
than what may be fuppofed to arife from the Uncer- 
tainty of the Obfervations themfelvcs -, it no where 
amounting to more than x"\. The Hypothcfis there- 
fore feems, in this Star, to agree extremely well with 
the Obfervations here fet down ; but as I had made 
above 300 of it; I took the Trouble of comparing 
each of them with the Hypothec's: and altho' it might 
have been expected, that, in (o large a Number, 
fome great Errors would have occurred ; yet there 
are very few, viz. only eleven, that differ from 
the mean of thefe fo much as z" •, and not one that 
differs fo much as 3". This furprifing Agreement, 
therefore, in fo long a Series of Obfervations, taken 
in all the various Seafons of the Year, as well as in 
the different Portions of the Moon's Nodes, feems to 
be a fufficient Proof of the Truth, both olthis Hypo- 
thcfis, and alfo of that which I formerly advanced, 
relating to the Aberrations of Light; fmce the Polar 
Diftance in this Star may differ, in certain Circum- 
ftanccs, almoft a Minute, viz. 56"i-, if the Cor- 
rections refulting from both thefe Hypothefes arc 
neglected ; whereas, when thofe Equations are 
rightly applied, the mean Place of the Star conies 
out the fame, as nearly, as can be reafonably ex- 
pected. 



T>racoms 



[^7] 



J y c Draconis 


South of Precef- 
' fion. 


Aberra- 
tion. 


Nuta- 
tion. 


Mdan 
Djft. 


1727 September 3 

1728 March \% 
September 6 

1729 March 6 


// 

70.5 
108.7 

70.2 
108.3 


— 0.4 
-~ 0.8 

— 12 

— i<S 


— 19.0 

+■ 19-3 

- 193 


— 89 

— %.6 

— 8.1 

— 74 


80.4 
80.3 
80.2 
80.0 


September 8 

1730 September 8 

1731 September 8 

1732 September 6 


694 
68.0 
66.0 
64.3 


— 21 

— 29 

— 3-8 
_ 4.6 


— «9-3 
-- 19.3 
-- 19-3 


-6.9 

— 34 

— 1.0 

-- 2.0 


80.2 
80.? 
80.5 
81.0 


1733 Augult 29 

1734 Auguft 11 

1735 September 10 

1736 September 9 


60.8 
62.3 
60.0 
59-3 


— 54 

— 6.2 ■ 

— 7.1 - 

— 8.0 


-- 19.0 
-- 16.9 

- »9-3 
■- *9-3 


-- 4.8 
-- 6.9 
- - 7.9 
-- 9.0 


79.2 

79-9 
80.1 

79-* 


1737 September 6 

1738 September 13 

1739 Seprember 2 

1740 Seprember 5 

1741 September 2 


60.8 
620 
66.6 

70.8 
754 


— 8.8 
_ 9 .6 

— 10.5 

— 11.3 

— 12.1 


-- 19.3 

-- 19-3 

-- 19 2 

-- 19-3 
4- I 9 2 


4- 8.5 

-- 7.0 

-- 4-7 
4. 1.9 

— 1.1 


79.8 

78.7 
80.0 
80.7 
81.4 


1742 September 5 

1743 September 2 

1745 September 3 

1746 September 17 

1747 September 2 


76.7 
81.6 
86.3 
86.5 
8<S.i 


— 12.9 • 

— 13.7 ■ 

— 154 

— 16.2 

— 17.0 


•- 19-3 
-- 19.1 
-- 19.2 
-- 19.2 
- - 19.2 


— 4.0 
-<5.+ 

- 8.9 
-8.7 
_ 7.6 


79- 1 i 

806 

81.2 

80.8 

80:7 



I made about 250 Obfervations of /3 'Draconisi 
which I find correfpond as well with the Hypothe- 
cs, as thofe of y, butfincethe Pofitionsof both thefc 
Stars, ia refpeft to the Solftitial Colure, differ but 
little from each other; it will be needlefs to fet 
down the Obfervations of (i. I fhall therefore pro- 
ceed to lay before your Lordfhip, fome Obfervations 
of a fmall Star, that is almoft oppofite to y 'Draco- 
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corns in Right Afccnfion, being the 35-th Camelo- 
pardali HeveL in the British Catalogue. Mr. Flam- 
jleedy indeed, has not given the Right Afccnfion of 
this Star j but that being neceffary to be known, 
in order to compute the Change of irs Declination 
arifing from the Prcceflton of the Equinox"? I com- 
pared the Time of its Tranfit over the Meridian, 
with that of fomc other Stars neat the fame Pa- 
rallel; whereby I found, that its Plight Afccnfion 
was 85 . S4.'-£ at the Beginning of the Year 1737. 

This fmall Star was compared with the fame 
Point of the Limb of my Sector, as y Draconis ; and 
the fecond Column, in the following Table, fhews 
how many Seconds it was found to be South of that 
Point, at the time of each rcfpc&ivc Obfervation. 
The other Columns contain, as in the foregoing 
Tabic, the Equations that arc neceffary to find, what 
its mean Diftance from the fame Point would have 
been on the 27th Day of March 17^7, which is 
exhibited in the laft Column. The whole Number 
of my Observations of this Star did not much ex- 
ceed forty i the greatcft Part of which were made 
before the Year 1730; in fomc of the following 
Years none were taken ; and only a fingle one in 
any other, except in 173 9- However, their Corre- 
ipondency feems fufficient to evince the Truth of 
the Hypothec's : for if the Mean of thefe, contain'd 
in the Table, be taken, not one, among the reft of 
the Obfervat ions, will- differ from it more than 2''. 



3 5 th 
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35 th Camelopard. 

Ilevelii. 



.">ouch ot 

o ' 

38. 25 



P.ecel- 
fion. 



Aberra- 
tion. 



duration. 



Vicail 
Dift. 

SoUtb 



1727 October 20 

1728 Jinuary 12 
March 1 
September 26 



1V 6 
60.8 

57.8 
75.2 



It 


1/ 


ir 


+ 0.9 


-6.7 


+ 89 


1.2 


-f 6.1 


8.8 


I.4 


+ 94 


2 7 


2.3 


_ 8.8 


8.1 



76.7 
76.9 

77-3 
7<5.8 



1729 February 26 56.4 


2.8 


+ 9 4 


7.6 


76.2 


1730 March 3- 57.8 


44 


94 


54 


77.0 


173 1 February 51 59.1 


5.6 


8.5 


+ 3-o 


762 


1733 January 31164.1 


8.7 


82 


— 2.9 


78.1 


1738 December 30 


6r.* 


17.2 


4-3 


6.5 


76.8 


1739 February 4 


56.9 


17 ^ 


85 


63 


76.4 


1740 January 20 


56.0 


18.6 


7.0 


— 4.0 


77-6 


1747 February 27 32.3 


28.5 


94 


4- 8.4 


78.5 



The Obfcrvations of the foregoing Stars are the 
mod proper, to prove the Change of the Inclination 
of the Earth's Axis to the Plane of the Ecliptic j 
thofc, which follow, will (hew in what manner the 
Stars, that lie near the Equinoctial Colurc, are af- 
fe&ed, as well as others, that are differently fituated, 
with refpeft to the Cardinal Points of the Equator. 
Some of thefc Stars arc indeed more remote from 
the Zenith, than I would have chofen, if there had 
been others, of equal Luftre, in more proper Po- 
f it ions ; becaufc Experience has long ilnce taught 
me, that the Obfcrvations of i'uch Stars, as lie near 
the Zenith, do generally agree beft wijh one ano- 
ther, and arc therefore the fitteft to prove the 
Truth of any Hypothefis. I (hall begin with thofc 
near the Vernal Equinox, a Caffiopea was com- 
pared with the Point marked 34°- 5$' > and at firft 

was 
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was found to be more Southerly, but afterwards 
became more Northerly than that Point, as in the 
following Tabic-; the lad Column of which fhews 
its mean Diilancc South of that Point on the 27th 
of March 17Z7. The Obfervation of the 23d Day 
of 'December, in the Year 1738, differs 3" from 
the mean of the others ; as docs alfo another, that 
was taken five Days after this ; neither of which be- 
ing marked as uncertain, I judged it proper to infert 
one of them ; alt ho' they give the mean Place of the 
Star near 2 Seconds more Northerly than any other, 
in a Scries of above 100 ; all of which correfpond, 
with the mean of thefe here recited, within lefs than 
a" i excepting two, that give the Stars mean Di- 
ilancc almoft 3" more Southerly, but thefe laft 
mentioned are marked as dubious; and indeed they 
appear to have been bad, by comparing them with 
fevcral others, that were made near the fame time, 
from which they differ almoft 2". 



a. CaJJiopea. 


iouth ot 

1 

34- 55 
// 

55-0 
30.8 

xr 35 " 7 
N. 94 


Precel- 
fion. 


Aberra- 
tion. 


iM uca- 
tion. 


Meau 
Dift. 
South 


xj2j September 9 

1728 September 17 

(729 June 8 

December 3 


it 

+• 9° 

294 

43.8 

53-5 


// 
+ 2.2 

+ 4<5 
— 16.3 

+ 165 


it 

-f 24 

6.8 
77 


n 

68.6 
70.0 

700 
68 3 


1730 June n 

December 9 

1732 January 8 

17^3 January 21 


S. 13.8 

N. 30.8 

N. 49.2 

64.8 


64.0 
73.8 

95-4- 
1 16.0 


— 16.2 

-j- 16.3 

12.9 

-|- 10. 


8.4 
8.8 
8.9 

79 


70.0 
68.1 
68.0 
69 1 


173+ June 13 
Djccrober 11 

1738 December 23 
1740 June 2. 
17+7 February 27' 


62.8 
1054 
176.3 
j 69. 1 

332.3 


.43.8 

234.0 
262.8 
397.0 


— ' .6.1 
-f 1 6. 2 
4- 15 2 
- 16.5 
-J- 02 


+ 3 7 
— 7.2 
-8.9 
+ 4-7 


69.9 
68.2 
65.7 
68.3 
69.6 



Altho' 
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Altho' I have taken no Obfcrvation of T c Perfei 
fince the 2 2d Day of 'January 1740; yet, as tiiis 
Star is very neat the Zenith, and a Sufficient Num- 
ber were made about the Times when the Equation, 
lvuiking from the Hypothecs, was at its Maximum ; 
I judged it proper to int'ert fomc of them in the 
next Table 5 the laft Column of which fhews, how 
much the Star's mean Dirtance was South of 38°. 
20'. on the 27th Day of March 1727. Among 
near 60 Obfervations I meet with two only, that 
differ from the mean of thefc lb much as 2." ; and 
thofe differ almoft as much from the mean of others, 
that were taken near the fame time: fo that the 
Hypothcfis fecms to correfpond, in general, with the 
Obfervations of this Star as well, as with cither of 
the foregoing. 



t Terfei. 


South ot 


38. 20 


Frecel- 
fion. 


Aberra- 
ration. 


Nuta- 
tion. 


Mean 

Dift. 

South. 


1727 September 
December 

1728 December 

1 729 December 


16 
29 
21 

2 


-1 


" 
60. 1 

■X9-7 

22.5 

9.2 


. " 

-t" 7-4 

1 1.9 

27.2 

4.2.0 


12.8 
1 1.5 


11 

+ 6.7 

7.2 
8.7 
90 


// ' 

71.0 

71-7 

71.2 

71.7 


1 73 1 January 

1732 January 
[733 January 

'1738 December 
1740 January 


1 

1 

8 
21 

^3 
22 


N. 


8.2 

22.0 

3+<> 
117.0 
132.5 


59.0 

748 

910 

183.4 

200.2 


12.8 

12.7 
11. 7 
128 
11. 7 


8.3 

+ 4-3 

— 9.0 

8.6 


71.9 

72.2 
724 
70.2 
70.8 



After the laft recited Obfervations, it may per- 
haps fecm needlefs to add thofe of a. s Per/ez, which 
is farther from the Zenith j but however, as this 
Star lies very nearly at an equal Diftance from the 

Equinoctial 
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Equinoctial and Soiftitial Colurcs, and the Scries of 
Observations of it is fomewhat more compute, than 
that of t Terfei i I mail infert one at least, for each 
Year wherein it has been observed ; whereby it may 
appear, that the Hypothcfis iblves the Thanomena 
of Stars in this Situation, as exactly as in others : 
for if a mean be taken of the Numbers in the laft 
(Column of the following Table, which cxprcflfes the 
mean Diftancc of the Star South of 41°. 5'. on 
March 27th 1727, it will agree within two Seconds, 
with. every one of 80 Obfcrvations, that have been 
made of this Star. 



a Terfei 


South or 
41. <; 


Precel- 
(ion. 


Aberra- 
ration. 


Mutation 


Mean 
Dift. 
South. 


1727 December 

1728 April 
July 
December 


29 

5 
15 


11 

794 
875 
94.6 

65 7 


11 

f 10.5 
14.3 

17-7 
238 


11 

+ 114 

— 0.8 

— 1 1.4 

4- 10.6 


+ 


11 

79 
8.2 
8.5 
8.8 


1 7/ "" 

109.2 
109 2 
109.4 
(08.9 


1729 December 

1731 January 

1732 Jinuary 
1734 July 


% 

3 

8 

11 


5V4 
386 

268 

S. 213 


37-2 
52.3 

66. a 
101 


91 
11.4 

+ "4 
_ 11.4 


+ 


8.9 
78 

5-9 
1.1 


109 2 

IIO.l 

110.3 
109.8 


1738 December 
1 740 January 
!7+ T February 


24 
21 

27 


N. 50 3 

718 

18Z.5 


162.6 

r 774 
275-4 


-f- U-2 

10 9 
66 


+ 


9° 
82 
8.5 


108.5 
1083 
to8.o 



Having already given Examples of Stars, lying near 
both the Solftices and the Vernal Equinox 5 1 fhall 
now add the Obfcrvations of one, that is not far 
from the Autumnal Equinox, viz. » Urfa Major is, 
the brighteft Star in that Part of the Heavens, which 
approaches the Zenith of JVanfied within a Degree ; 

and 
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and which, by reafon of its Luftre and Pofition, 
gave me the Opportunity of making my Scries of 
Obfervations of It, more complete than of many 
others. This Star was compared with the Point 
marked 39 . 15'. and was South of it as in the fol- 
lowing Table* wherein your Lordfhip will fee, that 
the Obfervations of the Years 1740 and 174,1 give 
the Polar Diftanccs 3" greater, than the mean of the 
other Years. Had there been only a fingle Obfer- 
vation taken in either of thofe Years, Part of this 
apparent Difference might have been fuppofed to 
arife from their Uncertainty; but as there were 8 
Obfervations taken within a Week, either before 
or after the 3d Day of June 1740, which agree 
well with each other ; and three were made within 
20 Days in September 174.1, which likewife corre- 
fponded with each other; I am inclined to think, 
that the 'foremention'd Differences muft be owing 
to fomcthing elfe, befides the Error of the Obfer- 
vations. This < Phanomenon therefore may defervc 
the Confideration of thofe Gentlemen, who have 
employed their Time in making Computations re- 
lating to the Quantity of the Effects, which the 
Power of Gravity may, on various Occasions, pro- 
duce. For I fufpect, that the Pofition of the Moon's 
Apogee, as well as of her Nodes, has fome Relation 
to the apparent Motions of the Stars that I am now 
{peaking of. 

My Scries of Obfervations of feveral Stars abound, 
of late Years, with fo many and long Interruptions 5 
that I cannot pretend to determine this Point ; but 
probably the Differences before taken notice of hi 
the Obfervations of a Cajfwpea^ and fome other* 

E that 



[3+] 

that I have found likcwife among the Obfervations 
of other Stars, that are not here recited, may be 
owing to fuch a Caufe; which, altho' it fhould not 
have any large Share of Influence, may yet, in cer- 
tain Circumftances, difcover a Defect in a Hypothe- 
cs, that pays no Regard at all to It. But whether 
thefe Differences do arife from the Caufe already 
hinted at; or whether they proceed from any De- 
fect of the Hypothefis itfclf in any other refpectj it 
will not be very material in point of Practice} fince 
that Hypothefis, as it was before laid down, appears 
to be fufficient to folve all the c Phanomenu > to as 
great a Degree of Exactnefs, as we can in general 
hope or expebi to make Obfervations. For if I take 
the mean of all the Numbers in the lafl Column of 
the following Table for » Urpe Major is, and com- 
pare it with any one of 164 Obfervations that were 
taken of it, the Difference will not exceed three 
Seconds. 



y> Urfa Major is 


South ot 

/ 

39- 15 


Precel- 
fion. 


Aberra- 
tion. 


Mutation 


Mean 

Dift. 

Sou'h. 


1727 O&ober 17 

1728 January 24 
July 17 
October 1 1 


153-3 
[76.4 

150.8 

170.6 


// 

— 10.2 
152 
23.9 

28.2 


4- 1.0 

+ i7- 8 
-{- 2.6 


— 11 
5.8 

6. 9 

7-3 


11 

1389 
137.8 
137.8 

H7-7 


1729 January 16 
July * 2) 

ij%o July 19 
December 28 


196.6 

170.4 
189.6 

232.4 


33.1 
42.4 
60.6 
68.7 


- 17.8 

+ 17.8 

+ 17.8 

— 16.7 


7.8 
8.4 
9.0 
8.9 


'37-9 

»37-4 
137.8 

138.1 


173* September it 

[732 January ic 

April 1: 

17-24 July i) 


218.1 

250.7 
238.7 


81.9 
87.7 
92.3 

133.3 


+ 94 

— 17.7 

— 0.8 

+ l 7- 6 


8.4 
80 

7-7 
— 2.3 


137.2 

H7-3 
137.9 

137-7 



n Urfa 
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» Urfa Majoris 


South of 

a f 

39- 1? 


Precef- 
fion. 


Aberra- 
tion. 


Nucacion 


IMean 

Dift. 

South 


1735 September 10 
[736 September 8 
1737 July 3 

[738 June 29 
1739 April 25 


// 

280.8 

-■,94.7 
303.0 
319.0 

348.0 


1/ 

154.6 
172.8 
187.8 
205.8 
220 8 


11 

+ "4 
11.6 

17.2 

16.8 

2.5 


4.1 
61 

79 
8.8 


11 

138.8 

137* 
138.5 

137-9 
n8? 


■740 June 3 
[741 September 23 
1745 September 5 
'.746 September 20 
(747 September 2 


360.3 
390.9 
466.7 
492.0 

507.2 


241 1 
265.0 

337-1 
356-2 

373-S 


128 

7-9 

12.4 

8.8 

J?- 2 


8. 9 

+ 7-4 

— 3.3 

5-9 

7.8 


1409 
141. 2 
138.7 
1387 
139-1 



You may perceive, my Lord, by infpe&ing the 
Tables which contain the Obfervations of « CaJJio- 
pea and » Urfa Majoris-,t\\at the grcatcft Differences 
that occur therein may be diminifhed, by fuppofmg 
the true Pole of the Equator to move round the 
Point C P, in an Ellipfis, inftead of a Circle. For if 
the tranfverfe Axis, lying in the Direction AC., be 
18", and the Conjugate, as T>B, be about 16"; the 
Equations, refulting from fuch an Hypothcfis, will 
make the Numbers in the laft Columns agree with 
each other, nearer than as they now (land. But 
fincc this would not entirely remove the Inequa- 
lities, in all the Pofitions of the Moon's Nodes; I 
fhall refer the more accurate Determination of the 
Locus of the true Pole to Theory 5 and at prefent 
only give the Equations for the Prcceflion of the 
Equinoctial Points, and the Obliquity of the Eclip- 
tic, as aifo the real Quantity of the annual Prccef- 
fion, to every 5 th Degree of the Place of the Moon's 
Afctnding Node, in the following Tables; juft as 

E 2 thef 
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they refult from the Hypothefis, as at fiifl laid down* 
it appearing, from what has already been remark'd, 
that thefe will be fufficiently exact for Practice in all 
Cafes. 



from T 
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the Equinott. Point! 

1. . ... 




SiR V 


1 

VII 

11 

1 -? 

.130 

•'+■5 
,6.0 

'7-3 
■18.5 
19.6 


11 


-uhlt 


VM 

"// 

19 6 

26.5 
2.1.2 
21 8 


Add 



. ° 


// 





25 

20 

15 


5 
10 

15 


2.0 

3-9 

5-8 


20 

25 

30 


7-7 
9 <? 

II 3 ' 


12.2 
22.5 
22.6 


10 

5 
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IV 


III 
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IX 
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I 

Vil 


ir 

VIII 

fi 

4-5 
3.8 

1.6 
0.8 
00 


rtdd 


from 1|' 




Mg. VI 
"77 

O.o 

90 
8.9 

8.7 




10 


rr 

7.8 


5 
10 

22 

20 

25 
30 


7-4 
6.9 

64 


25 
20 

15 


^5 
8.2 

7.8 


.5-8 
5.2 


10 

5 



Aaa 


Sio;. V 


IV 


111 


fto m r 


>ublt . 


Sig.XI 


X 


IX 





The Annual Preceffion of the 
Equinodrial Poinrs. 




2> > £i i 
rrom T.Sig- O 


I 

570 


II 


III 

50.3 


IV 


V 
43-7 









11 
580 


54.2 


1/ 

4^>5 

46.0 

45-5 
45.0 



30 


5 
10 

15 


57-9 
57 9 
57-7 


56.6 

56.2 

55-7 


53.6 

53° 
523 

51-7 

•51.0 

50.3 


49.7 
49.0 

48.4 


43-4 
43.2 
43.0 


25 
20 

15 


20 

25 
30 


57-5 

57-3 
57.0 


552 

54-7 
542 


47-7 
47.1 

465 ., 


44-5 
44.1 

43-7 


; 42.8 
42.8 

' 42.7 


10 

5 
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X 
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Sic ifaac NtWton, in determining the Quantity 
of the annual Precefiion from the Theory of Gra- 
vity, upon Suppoftrion that the Equatorial is to the 
Polar Diameter of the Earth as 230 is to 229, finds 
the Sun's Action fufficicnt to produce a Preccffion 
of 9" j only; and, collecting from the Tides the 
Proportion between the Sun's Force and the Moon's 
to be as 1 to 4.J, he fettles the mean Prcceflion, rc- 
fulting from their joint Actions, at 50". But firice 
the Difference between the Polar and Equarorial 
Diameter is found, by the late Obfcrvations of the Gcn- 
tlemenof the Academy of Sciences, to be greater than 
what Sir Ifaac had computed it to be ; the Preccffion, 
arifing from the Sun's Action, muft likewifc be greater 
than what he has ftated it at, nearly in rhe fame Propor- 
tion. Prom whence it will follow, that the Moon's 
Force mufl bear a lefs Proportion to the Sun's than 
4-i to 1 ; and perhaps the 'Phenomena, which I have 
now been giving an Account of, will fupply the 
b^ft T)ata for fettling this Matter. 

As I apprehend, th:t the Obfcrvations already fct 
down will be judged fufficient, to prove in general 
the Truth of the Hypothefis before advanced 5 I (halt 
not trouble your Lordfhip with the Recital of more, 
that I made of Stars lying at greater Diftances from 
the Zenith -, thofe not being fo proper, tor rhe Rea- 
fon before -mention'd, to eftablifh the Point tha f : I had 
chiefly in View. But as it may perhaps be of fome Ufc 
to future Aftronomers, to know what were the mean 
Differences of Declination, ar a given Time, between 
fome Star?, that lie nearly oppofitc to one another 
in Right Afcenfton, and not far from either of the 
Coluresi I fhall fee down the Refult of the Corr.pa- 
rifon of a few, that differ fo little in Declination, 
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that I could determine the Quantity of that Differ- 
ence with great Certainty. 

By the mean of 64, Obfervations, that were made 
of ct Cajjiope<e before the End of the Year 1728, I 
col .'eft, after allowing for the Prcceffion, Aberra- 
tion and Nutation as in the foregoing Tables j that 
the mean Diftance of this Star was 68". 7 South of 
34 . 55', on the 27th Day of March 1727. By a 
J ike Companion of 40 Obfervations, taken of y 
Orf a Major is during the fame Interval of Time, I 
find this Star was, at the fame time, $<)".6 South 
of 34, . 4f'. I carefully meafured, with the Screw 
of the Micrometer, the Diftance between the Points, 
with which thefe Stars were compared; and found 
them to be 9/. 59" from each other, or one Second 
lets than they ought to have been. Hence it fol- 
lows, that the mean Difference of Declination be- 
tween thefe two Stars, was 10'. 2 8".i, on the 27th 
Day of March 1727. 

By the mean of 65- Obfervations, that were taken 
of [6 Caffiopea, before the End of the Year 172$, 
this Star was 2f v .8 North of 3 2°. 20', on the 27th 
Day of March 1727 : and by the mean of 52 Ob- 
fervations, g Urfie Majoris was 87''.6 South of 32 . 
30' at the fame time. The Diftance between thefe 
Points was found to be 9'. 5-9 '.3 > from whence it 
follows, that the mean Difference of Declination be- 
tween thefe two Stars was 11'. 5 2 y '.7 on March 27th 

l 7 z 7- 
By the mean of 100 Obfervations, taken before 

the End of the Year 1728, the mean Diftance of 

y Tiracoms was 79".8 South of 3 8°. 25' on March 

27th 17275 and by the mean of 35 Obfervations, 

the 
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the 35 th Camelopard. HeveU was South of the 
fame Spot 76". 4. So that the mean Polar Diftance 
of yTiraconis was only 1".^. greater, than that of 
the 35th Camelopard. Hevel. but as the Equation 
for the Nutation, in both thefe Stars, was then near 
the Maximum, and to be applied with contrary 
Signs; the apparent Polar Diftance of y 'Draconis 
was 2i".4 greater, on the 27th Day of March 
1727. 

The Differences of the Polar Diftances of the 
Stars, as here fct down, may be prefumed, both on 
account of the Radius of the Inftrument and the 
Number of Obfervations, to be very exactly deter- 
mined, -to the Time when the Moon's Afcending 
Node was at the Beginning of Aries ; and if a like 
Companion be hereafter made, of Obfervations taken 
of the fame Stars, near the fame Pofition of the 
Moon's Nodes ; future Aftronomers may be enabled, 
to fettle the Quantity of the mean PreceiTion of the 
Equinox, fo far as it affects the Declination of thefe 
Stars, with great Certainty : and they may likewife 
difcover, by means of the Stars near the Solftitial 
Colure, from what Caufc the apparent Change in 
the Obliquity of the Ecliptic really proceeds, if the mean 
Obliquity be found to diminifh gradually. 

The 'forementioned Points indeed can be fettled 
only on the Supposition, that the angular Diftances 
of thefe Stars do continue always the fame, or that 
they have no real Motion in themfeives; but arc 
at Reft in Abfolute Space. A Suppofiuon, which 
though ufually made by Aftronomers, neverthelefs 
fcems to be founded on too uncertain Principles, to 
be admitted in all Cafes. For if a judgment may be 
formed, with Regard to this Matter, from the Re- 

fuit 
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fult of the Comparifon of our bed: modern Obfcr- 
vations, with fuch as were formerly made with any 
tolerable Degree of Exa&ncfs 5 there appears to have 
b:en a real Change in the Portion of Tome of the fixed 
Stars, with refpect to each other,- and fuch, as 
feems independent of any Motion in our own Syf- 
tem, and can only be referred to fome Motion in 
the Stars rhemfelvcs. Arclnrus affords a ftrong Proof 
of this : for if its prelent Declination be compared 
with its Place, as determined either by Tycho or 
frlamfteed; the Difference wiil be found to be much 
greater, than what can be fufpecteel to arife from 
the Uncertainty of their Obfervations. 

It is rcafonable to expect, that other Inftances of 
the like kind muft a!fo occur among the great Num- 
ber of the vifible Stars : becaufe their relative Po- 
sitions may be altet'd by various means. For if our 
own Solar Syftem be conceived to change its Place, 
with refpect to Abfoiute Space,- this might, in Pro- 
cefs of Time, occafion an apparent Change in the 
angular Diftances of the fixed Stars ; and in fuch a 
Cafe, the Places of the neareft Stars being more af- 
fected, than of thofe that are very remote ; their re- 
lative Positions might feem to alter} tho' the Stars 
themfelves were really immoveable. And on the 
other Hand, if our own Syftem be at Reft, and any of 
the Stars really in Motion, this might likewife vary 
the ir apparent Pofitions,- and the more fo, the nearer 
they are to us, or the fwifter their Motions are, or 
the more proper the Direction of the Motion is, to 
be rendered perceptible by us. Since then the Rc- 
Jativc Places of the Stars may be changed from fuch 
a Variety of Cauies, considering that amazing Di- 

ft; ncc 
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tance at which it is certain fomc of them arc placed, 
it may require the Obfervations of many Ages, to 
determine the Laws of the apparent Changes, even 
of a fingle Star : much more difficult therefore mult 
it be, to fettle the Laws relating to all the moft re- 
markable Stars. 

When the Caufes, which affect the Places of all 
the Stars in general are known ; fuch as the Precef 
fion, Aberration, and Nutation 5 it may be of Angu- 
lar Ufe, to examine nicely the relative Situations of 
particular Stars : and efpecially of thofe of the greatcft 
Luftre, which, it may be prefumed lie neareft to 
us, and may therefore be fubject to more fenfible 
Changes; either from their own Motion, or from 
that of our Syftem. And if at the fami time that 
the brighter Stars are compared with each other, we 
likewife determine the relative Pofitions of fome of 
the fmalleji that appear near them, whofe Places can 
be afcertained with fufficient Exactnefs ; we may 
perhaps be able to judge to what Caufe the Change, 
if any be obfervable, is owing. The Uncertainty 
that we are at prefent under, with refpect to the 
Degree of Accuracy wherewith former Aftronomers 
could obferve, makes us unable to determine feveral 
Things, relating to the Subject that I am now fpeak- 
ing of: but the Improvements, which have of late 
Years been made in the Methods of taking the 
Places of the heavenly Bodies, are fo great, that a 
few Years may hereaiter be fufficient, to fettle fome 
Points ; which cannot now be fettled, by comparing 
even the earlieft Obfervations with thofe of the pre- 
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It were to be wifh'd therefore, that fuch Perfons 
as are provided with proper Inftrumcnts, would at- 
tempt to determine, with great Care, the prefect 
relative Pofitions of feveral of the Principal Stars, in 
various Parts of the Heavens; efpecially of thofe, that 
are leaft affected by Effraction: that Caufe having 
many times fo uncertain an Influence on the Places 
of Objects, that are very remote from the Zenith; 
that wherever It is concerned, the Conclusions, de- 
duced from Obfervations that are much affected by 
it, will always remain doubtful, and too precarious, 
in many Cafes, to be relied upon. 

The Advantages, arifing from different Perfons 
attempting to fettle the fame Points of Aftronomy 
near the fame time, are fo much the greater ; as a Con- 
currence in the Refult, would remove all Sufpicion 
of Incorrectnefs in the Inftruments made ufe of. For 
which Reafon, I efteem the curious apparatus at 
Shirburn Cajlle, and the Obfervations there taken, 
ss a mod valuable Criterion, whereby I may judge 
of the Accuracy of thofe, that are made at the Royal 
Obfervatory : and as a Lover of Science I cannot but 
wifh, that our Nation abounded with more frequent 
Examples, of Perfons of like Rank and Ability with 
your Lordfhip, equally defirous of promoting This, 
as well as every other Branch of Natural Know- 
ledge, that tends to the Honour and Benefit of our 
Country. 

But were the Patrons of Arts and Sciences ever fo 
numerous, the Subject of my prefent Letter is of 
fuch a Nature, as muffc direct me, to beg Leave to 
addrefs it to the Earl of Macclesfield; not only as 
a moft competent Judge of it, but as the fole Per- 

foa, 
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fon, in this Nation, that hath Inftruments proper to 
examine into the Truth of the Facts here related. 
And it is a particular Satisfaction to me, that after fo 
long an Attendance upon thefc ^hanomena, I am 
allowed the Honour of tranfmitting the Account 
of them to the Public, thro' your Lordmip's Hands : 
as it gives me at the fame time an Opportunity of 
profefling the grateful Senfe I mall ever retain, both of 
the fignal Favours which 1 formerly received from 
the noble Earl your Father, and of the many recent 
Obligations conferr'd by yourfelf upon, 

My Lord, 

Tour Lordship's 
moji obedient 

humble Servant, 

Greenwich., Dec. 31. 

1747- 

Ja. Bradley. 
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